The synthesis, spectroscopic data, crystal and molecular structures of two N 0 -(1-phenylbenzylidene)-2-(thiophen-3-yl)acetohydrazides, namely N 0 -[1-(4-hydroxyphenyl)benzylidene]-2-(thiophen-3-yl)acetohydrazide, C 13 H 10 N 2 O 2 S, (3a), and N 0 -[1-(4-methoxyphenyl)benzylidene]-2-(thiophen-3-yl)acetohydrazide, C 14 H 14 N 2 O 2 S, (3b), are described. Both compounds differ in the substituent at the para position of the phenyl ring: -OH for (3a) and -OCH 3 for (3b). In (3a), the thiophene ring is disordered over two orientations with occupancies of 0.762 (3) and 0.238 (3). The configuration about the C N bond is E. The thiophene and phenyl rings are inclined by 84.0 (3) and 87.0 (9) for the major-and minor-occupancy disorder components in (3a), and by 85.89 (12) in (3b). Although these dihedral angles are similar, the conformation of the linker between the two rings is different [the C-C-C-N torsion angle is Àac for (3a) and Àsc for (3b), while the C6-C7-N9-N10 torsion angle is +ap for (3a) and Àsp for (3b)]. A common feature in the crystal packing of (3a) and (3b) is the presence of N-HÁ Á ÁO hydrogen bonds, resulting in the formation of chains of molecules running along the b-axis direction in the case of (3a), or inversion dimers for (3b). The most prominent contributions to the surface contacts are those in which H atoms are involved, as confirmed by an analysis of the Hirshfeld surface.
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Chemical context
Acetohydrazides are considered to be good candidates for different pharmaceutical applications, including their use as antibacterial, antifugal, antimicrobial and anticonvulsant agents (Yadav et al., 2015; Bharti et al., 2010; Loncle et al., 2004; Papakonstantinou-Garoufalias et al., 2002) . Moreover, many of them have shown analgesic and antiplatelet properties (Wardakhan et al., 2013) . Combinations of acetohydrazide with other heterocyclic rings have also been investigated, such as the hydrazide-based 2-oxonicotinonitrile derivatives that are considered to be potential antimicrobial agents (El-Sayed et al., 2018) .
As a continuation of our research Vu et al., , 2017 on the chemical and physical properties of novel polythiophenes, a new thiophene monomer-containing acetohydrazide has been prepared. We have synthesized two N 0 -(1-(phenylbenzylidene)-2-(thiophen-3-yl)acetohydrazides and present here the spectroscopic data and crystal structures ISSN 2056-9890 of the title compounds, together with the Hirshfeld surface analysis.
Structural commentary
The hydroxy derivative (3a) crystallizes in the orthorhombic space group Pbca. The thiophene ring is disordered over two sites (the major and minor components are labelled with the suffixes A and B, respectively), corresponding to a rotation about the C3-C6 bond of approximately 180 with population parameters 0.762 (3) for S1A/C1A-C5A and 0.238 (3) for S1B/C1B-C5B (Fig. 1) . The configuration of the C11 N10 bond can be described as E [the N9-N10-C11-C12 torsion angle is 174.82 (16) ]. The torsion angle C7-N9-N10-C11 of 177.10 (18) indicates that the conformation around the N9-N10 bond is +ap. The molecule is twisted about the C6-C7 bond with a dihedral angle of 84.0 (3) between the thiophene and benzene rings [87.0 (9) for S1B/C1B-C5B] . The methoxy derivative (3b) (Fig. 2 ) crystallizes in the triclinic space group P1. Compared to (3a), the central part of (3b) displays a similar +ap conformation around the N9-N10 bond and an E configuration of the C11 N10 bond, as illustrated by the torsion angles C7-N9-N10-C11 [177.8 (2) ] and N9-N10-C11-C12 [179.26 (19) ]. However, the conformation about the two other bonds, C6-C7 and especially C7-N9, in the linker between both rings is different. The torsion angle C3-C6-C7-N9 is À101.8 (2) (or -ac) for (3a) and À85.4 (3) (or -sc) for (3b). As a consequence, in (3b) a short C6-H6Á Á ÁN10 interaction occurs (Table 2) . In (3a) we observe an +ap conformation [torsion angle C6-C7-N9-N10 is 167. 45 (16) ], while this is -sp in (3b) [torsion angle C6-C7-N9-N10 is À5. 8 (3) ]. The dihedral angle between the thiophene and phenyl rings is 85.89 (12) , in the same order as for (3a).
Supramolecular features
In the crystal, molecules of (3a) are connected by N9-H9Á Á ÁO8 i [symmetry code: (i) Àx + 1 2 , y + 1 2 , z] hydrogen bonds, resulting in the formation of chains in the b-axis direction with a C 1 1 (4) graph-set motif (Fig. 3 The molecular structure of (3b) with atom labels and 50% probability displacement ellipsoids.
Figure 1
A view of the molecular structure of (3a), with atom labels and displacement ellipsoids drawn at the 50% probability level. The minordisorder component is shown in light green. Table 1 Hydrogen-bond geometry (Å , ) for (3a).
Cg3 is the centroid of the C12-C17 phenyl ring. with a C 1 1 (11) graph-set motif running along the a-axis direction are formed by O18-H18Á Á ÁO8
ii [symmetry code: (ii) x À 1 2 , y, Àz + 1 2 ] hydrogen bonds (Fig. 4, Table 1 ). Two weaker interactions are present in the packing: a C-HÁ Á ÁO and C-HÁ Á Á(phenyl) interaction (for details see Table 1 ).
Replacing the -OH group in (3a) by an -OMe group in (3b) changes the hydrogen-bonding pattern. The crystal packing of (3b) is now characterized by the presence of two different inversion dimers. The first type, with an R Table 2 ). The second one involves C13-H13Á Á Á(thiophene) interactions (Fig. 6 , Table 2 ).
No voids or -stackings are observed in the crystal packing of (3a) and (3b). A partial packing diagram of (3b), showing dimer formation through N-HÁ Á ÁO interactions (red dashed lines). Symmetry code: (i) Àx, Ày + 2, Àz + 1.
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Table 2
Hydrogen-bond geometry (Å , ) for (3b).
Cg1 is the centroid of the S1/C1-C5 thiophene ring. Symmetry codes: (i) Àx; Ày þ 2; Àz þ 1; (ii) Àx þ 1; Ày þ 2; Àz þ 1.
Figure 6
A partial packing diagram of (3b), illustrating the dimer formation through C-HÁ Á Á interactions (gray dashed lines). Cg1 is the centroid of the S1/C2-C5 thiophene ring. Symmetry code: (ii) Àx + 1, Ày + 2, Àz + 1. (3a) and (3b), respectively]. The histogram of 1 reflects a wide spread with a preference for the Àap/+ap conformation, followed by the Àsc/+sc conformation and only a few entries in the remaining regions. In the case of torsion angle 2 , two regions are preferred: Àap/+ap [for the majority of the entries and similar to (3a)] and Àsp/+sp [similar to (3b)]. Torsion angles 3 and 4 show both a narrow spread in the region Àap/+ap.
Hirshfeld surface analysis
The Hirshfeld surface analysis (Spackman & Jayatilaka, 2009 ) and the associated two-dimensional fingerprint plots (McKinnon et al., 2007) were performed using CrystalExplorer (Turner et al., 2017). The Hirshfeld surfaces of compounds (3a) and (3b) mapped over d norm are given in Fig. 8 .
The bright-red spots in Fig. 8a near atoms O8 and N9 illustrate the N9-H9Á Á ÁO8 hydrogen bond, and near atoms O8 and O18 the O18-H18Á Á ÁO8 hydrogen bond. The faintred spots near atoms O8 and H2A, and C11 and H17 refer to short contacts in the crystal packing of (3a). The most significant contributions to the Hirshfeld surface are from HÁ Á ÁH (30.5%), CÁ Á ÁH/HÁ Á ÁC (26.1%), OÁ Á ÁH/HÁ Á ÁO (18.6%) and SÁ Á ÁH/HÁ Á ÁS (10.7%) contacts.
For compound (3b), the N9-H9Á Á ÁO8 dimer formation is viewed as the bright-red spots near atoms O8 and N9 in Fig. 8b . The faint-red spots near atoms H19C and H13 are indicative for a short H19CÁ Á ÁH19C contact and the C13-H13Á Á Á(thiophene) interaction. The most significant contributions to the Hirshfeld surface are from HÁ Á ÁH (40.6%), CÁ Á ÁH/HÁ Á ÁC (22.2%), OÁ Á ÁH/HÁ Á ÁO (15.1%) and SÁ Á ÁH/ HÁ Á ÁS (12.5%) contacts.
Synthesis and crystallization
The reaction scheme to synthesize the title compounds, (3a) and (3b), is given in Fig. 9 .
Methyl 2-(thiophen-3-yl)acetate (1) and 2-(thiophen-3-yl)acetohydrazide (2) were synthesized according to our previous research (Vu et al., 2017) .
Compound (2) (3 mmol) and the appropriate benzaldehyde derivatives (6 mmol) with acetic acid (1.5 mL) in ethanol (20 mL) were refluxed for 5 h. 
Figure 9
Reaction scheme for the title compounds (3a) and (3b).
cooled down and the solid product was separated by filtration and purified by recrystallization in ethanol to give the compounds (3a) and (3b). 
Refinement details
Crystal data, data collection and structure refinement details are summarized in Table 3 . All H atoms were placed in idealized positions and refined in riding mode, with U iso (H) values assigned as 1.2U eq of the parent atoms (1.5 times for methyl groups), with C-H distances of 0.93 (aromatic), 0.96 (CH 3 ) and 0.97 Å (CH 2 ), N-H distances of 0.86 Å and O-H distances of 0.82 Å (rotating OH). In (3a), the thiophene ring is disordered over two positions [population parameters 0.762 (3) and 0.238 (3)] and was refined with restraints for the bond lengths and angles in the ring. The anisotropic temperature factors for atoms S1, C2, C4 and C5 in both orientations were constrained to be equal. In the final cycles of refinement, four and two outliers were omitted for (3a) and (3b), respectively. 
N′-[1-(4-Hydroxyphenyl)benzylidene]-2-(thiophen-3-yl)acetohydrazide (3a)
Crystal data Extinction coefficient: 0.0022 (6)
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. (7) −0.0023 (7) 0.0005 (6 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
Geometric parameters (Å, º)
S1A-C2A 1.691 (4) C7-O8 1.240 (2) C2A-H2A 0.9300 C7-N9 1.339 (2) S1B-C2B 1.677 (9) N9-H9 0.8600 C2B-H2B 0.9300 N9-N10 1.391 (2) C2A-C3 1.357 (4) N10-C11 1.277 (2) C2B-C3
1.360 (9) C11-H11 0.9300 C4A-H4A 0.9300 C11-C12 1.461 (3) C4B-H4B 0.9300 C12-C13 1.382 (3) S1A-C5A
1.700 (7) C12-C17 1.393 (3) C4A-C5A
1.404 (6) C13-H13 0.9300 C5A-H5A 0.9300 C13-C14 1.386 (3) S1B-C5B
1.688 (9) C14-H14 0.9300 C4B-C5B
1.419 (9) C14-C15 C2A-S1A-C5A-C4A −0.7 (11) C6-C3-C4B-C5B 176.8 (17) C2B-S1B-C5B-C4B 5 (3) C6-C3-C4A-C5A −177.0 (8) C5B-S1B-C2B-C3 −5 (3) C6-C7-N9-N10 167.45 (16) C5A-S1A-C2A-C3 0.8 (7) C7-N9-N10-C11 177.10 (18) S1B-C2B-C3-C4B 3 (3) O8-C7-N9-N10 −8.6 (3) S1A-C2A-C3-C4A −0.7 (5) N9-N10-C11-C12 174.82 (16) S1A-C2A-C3-C6 176.5 (3) N10-C11-C12-C13 169.1 (2) S1B-C2B-C3-C6 −173.1 (14) N10-C11-C12-C17 −12.8 (3) C2B-C3-C6-C7
95 ( 
Hydrogen-bond geometry (Å, º) Cg3 is the centroid of the C12-C17 phenyl ring. Symmetry codes:
D-
(i) −x+1/2, y+1/2, z; (ii) x−1/2, y, −z+1/2; (iii) −x+1, −y+1, −z+1; (iv) −x, y+1/2, −z+1/2.
N′-[1-(4-Methoxyphenyl)benzylidene]-2-(thiophen-3-yl)acetohydrazide (3b)
Crystal data 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Symmetry codes: (i) −x, −y+2, −z+1; (ii) −x+1, −y+2, −z+1.
